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aumARY

Thepassagecontouxofa 48-inchcentrifugalcompressorwasmodi-
fiedby changingtheshapeofthehubto controldecelerationrates
alongthebladesurfacesinorderto improvetheinterndlefficiency
oftheimpeller.A comparisonof internal-flowcharacteristicsat
designflowratewasmadewiththeoriginalimpellerandwitha pre-
viouslyinvestigatedmodified-bladeimpellerthathadthesamearea ‘
variationinthepassage.Inaddition,flowcharacteristicsofthe
modified-hubimpellerovera flowrangefrommaximumflowtonear
surgeata correctedtipspeedof700feetpersecondarepresented.

At designflow,eventhoughthedecelerationratealongthetrail-
ingfacewaslessforthemodified-hubimpellerthanfortheorigimil
impeller,theclearancelosses(increasedby thelargerratioofclearance
topassageheight)causedthetotal-pressurelosses(andthustherela-
tiveadiabaticefficiency)tobe aboutthesameattheimpellerexit
forthetwoconfigurations,thusprecludinganyimprovementinover-all
performance.As intheoriginalandmodified-bladeimpellers,large
lossesoccurredatthedriving-faceinletatnegativeanglesofattack
andinregionsoflargedecelerationsalongthetrailing-faceflow
surface.

INTRODUCTION

Theresultsofpreviousexpertientalinvestigationsof flowcharac-
teristicswithintherotatingimpellerchannelconductedat theNACA
Lewiskboratoryhaveshownthatlargelossesoccurrednearflowsurfaces
withlargedecelerationrates(references1 and2). Whenthedecelera-
tionrateswerecontrolledbymodifyingthebladeshape(reference3),
theinternalrelativeadiabaticefficiencywasimprovedalthoughno
improvementwasfoundinover-allcompressorefficiencybecauseofthe
inefficientblade-exitform.Itwasbelievedthata similarhigh
internalefficiencyalongwithinrprovedover-allcompressorefficiency
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mightbe realizedbymodifyingthehubtoreducethedecelerationratio
alongtheflowsurfaceandelindnatimgthethickbluntbladetip. On
theotherhand,thetiternalefficiencymightbe reducedbecauseofthe
yooreraspectratioofthe~ssage.

Thepresentinvestigationwasconductedh ordertoest~te the
relativemagnitudeofthepreviouslydiscussedeffects.A compar-
isonofthetiternal-flowcharacteristicswithintherotatingpssage
ofthemodified-hublqellerwiththoseoftheorig@alimpeller@
themo~ied-bladehqelleratthedesignflowrateispresentedherein..
Flowcharacteristicsovertheentireweight-flowrangeforthemodified-
hubimpellerwillalsobe presented.. .

Thecompressorwasoperatedovertheweight-flowrangefrommaximum
flowtonearsurgeata correctedtipspeedof700feetpersecond.
Expertientalefficiencies,pressure-losscontours,velocities,andpres-
suresarecomparedforthethreeimpellerconfigurationsat designflow
rate,andefficiencyandvelocitycontoursareshownforthemodified-
hubimpellerat severalweightflows.

AH?ARATUS

.

“

Themodified-hubimpellerusedintheexperimentalinvestigation
is showninfigure1. Balsawoodwasgluedtotheimpellerhubto
modifythebladeheight.(Thedarkareainthephoto~aphofthe
impellerpassageisthebalsamodification.)‘I’heareavariationofthe
modified-hubhrpeller(areanormaltotheradialvelocitycomponent
at correspondingradii)wasthesameasthatforthemodified-blade
impeller.Themodificationstarted-ataboutthe16-inchradiusand
continuedtotheexit.Theoriginalbladeshapeandshroudcontour
wereunchanged.Figure2 showsa schematicviewofthemodified
passageinthehub-shroudplane.Thepertinentpassagedataforthe
modified-hubimpellerarepresentedh table1. h thistable,blade
thiclmesswascorrectedto anaveragethicknesssothattheactual
passageareaatanyradiuscouldbecomputedfromthebladeheightand
thenumberofblades(18)withoutconsiderationofbladetaper.

Becausetheimpellerhubcontourwaschanged,thediffuserwas
modifiedto givesmoothflowconditionsatthediffuserinletby the
placingofwoodofthedesiredthicknessat thereartiffusersurface.
In changingthepassagewidth,thediffuserwasno longera constant-area
type,butitbecameslightlyconvergent.Becauseofthedecreasein
diffuserpassagewidth,thediffuserinstrumentswerechangedfrom
four-tothree-probepressureandthermocouplerakes.Thetotal-pressure
rakeswereoftheshieldedtypeandthethermocoupleswereofthe
calibratedbare-wirespiketype.Withtheseexceptions,over-all
insttientationremainedthesameasreportedinreference2.
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Sincetheimpellerpassageheightwasmodifiedby changingthehub
shapebeyondthe16-inchradius,thetotal-pressureprobesintherota-
tingpassagebeyondthatradiuswereno longeratthepassagemidheight
butwerecloserto thehub. TheseprobeswereoftheKieltype.Static
pressuresweremeasuredalongthehubthrough0.030-inch-diameterorifices
aswasdoneinthepreviousimpellers.Thepressure-transferdevicewas
ofthesealedball-bearingtype.A completedescriptionoftheimpeller
instrumentationandpressure-transferdeviceisgiveninreference2.

PROCEDURE

Thecompressorwasoperatedovera weight-flowrangefroma maximum
correctedweightflow Ww/f5 of43poundspersecondtonearsurgeat
12.5poundspersecondata correctedtipspeedU @ of700feetper
second. {(AU synibolsaredefinedintheappendix.Theoperatingpro-
cedurewasthesameas describedinreference2.

Theexperimentalefficienciesandvelocitieswerecomputedbythe
methodgiveninreference1.

RESULTSANDDISCUSSION

Over-MlPerformance

Theover-allpressureratiointhemodified-hubimpellerwasslightly
lowerthanthatoftheoriginalimpeller,as showninfigure3. The
peakpressureratiowas1.444forthemodified-hubimpelleras compared
with1.455fortheoriginalimpellerandthepeakadiabaticefficiency
(fig.4)was0.78forthemodified-hubimpelleras“comparedwith0.80
fortheoriginalimpeller.Theefficiencyofthemodified-hubimpeller
wasprobablylowerthanthatoftheoriginalimpellerbecauseofthe
greatereffectof clearancelossesandbecauseofthecloserspacing
ofthe&MfuserwalJ_swhichmadea largerratioof.wettedsurfaceto flow
areaeventhoughtheflowpathwasshortenedby higherradialexitveloc-
ities(reference4).

Thesurgepointoccurredata lowerweightflowinthemodified-
hubimpellerpossiblybecausethehigherrelativevelocitythrou@out
thepassagecausedtheeddyto formata lowerweightflowthaninthe
originalimpeller(reference5).

ComparisonofInternal-Flow
.

configurations

CharacteristicsofThreebpeller

atDesignFlowRate

Thecomparisonsofflowcharacteristicswithintherotating
impelJerchannelforthethreeimpellerconfigurationsareshownin

.—— _—.— —— —.
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figures5 to 10for
total-pressure-loss
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thedesignflowrate,of26poundspersecond.The
contours(fig.5) showthatattheimpellerexitthe

losseswereaboutthesameforboththeoriginalandmodified-hubimpel-
lers. Theoriginalhrpellerhadlocalpeaklossesgeater~n thoseof
boththe’modified-bladeandmodified-hubimpellersatthe2~-inchradius.
A faircomparisoncouldnotbe madebeyondthatpointbecausethecut
backofthemodifiedbladescausedpoorflowconditions.Thetotal-
pressurelossesinthemodified-hubimpelleroccurredfartherdownstream
inthepassagethanintheoriginal@el.ler,butlossesat theexitof @
about‘thesamemagnitudealsoresulted.Largerclearancelossesoccurred %
inthemodified-hubimpellerbecauseoftheincreasedleakagethroughthe

N

clearancespace(0.070-in.clearance)whichinfluencedthemainflow
streamnearthetrailingface.Fora givenclearancespce,theclearance
leakagelossesincreasewithreducedbladeheightbecauseoftheaccom-
panyingincreaseinbladeloading,whichresultsina greaterpressure
differenceacrosstheclearance.U thetotalpressurehadbeenmeasured
atthepassagemidheightinsteadofnearthehub,thelossesmightpossi-
blyhavebeengreater;reference6 indicatesthattheflownearthe
impellerexitwastiprovedasthehubwasapproached.

Therelativeadiabaticefficiencycontoursareshowninfigure6.
Thepatternsshownarequitesimilartothetotal-pressure-losscontours. ...

n

Therelativeefficiencyattheexitofthe?nc@ified-htiimpellerwas
aboutthesameas that-fortheoriginAlimpeller,eventhoughtheeffi-
ciencywasgenerallygreaterthroughouttheremainderofthepassage.
Theefficiencyalongthetrailingfaceofthemodified-hubimpellerwas
lowerthanthatofthemodified-bladeimpeller,indicatinggreaterlosses
duetoleakagethroughtheclearancespace.Figure7 showstheaverage
adiabaticefficiencyacrossthepassageatvariousradiiforthethree
impellerconfigurations.Theaverageefficiencyofthemodified-hub
impellerwashigherthanthatoftheoriginalimpellerthroughoutmost
ofthepassage,but~~slowerthanthemodified-bladeimpellerefficiency.
At theexit,however,total-pressurelossesreducedtheefficiencyto
thatoftheoriginalimpeller.Theefficiencyofthemodified-blade
impellerwasnotshownneartheexitbecausethecut-backbladecaused
poorflowconditionsas discussedpreciously.

Thestatic-pressuredistributionnearthebladesurfaces(fig.8)
indicates.thatthebladeloadingisgreaterforthemodified-hubimpel-
lerthanfortheoriginalimpeller.Thisincreasedbladeloadingis
necessarytomaintainthesame@eller torquewiththedecreasedblade
height.- .

A comparisonoftherelativevelocitythroughoutthepassageand
nearthebladesurfacesforthethreeimpellerconfigurationsisshown

.

infigures9 and10. Thedecelerationratesweredecreasedalongthe
trailingfaceforthemodified-hubimpelleras comparedwiththeoriginal
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impeld.er.However,eventhoughthevelocitypatternisgoodalongthat
flowsurface,therelativeefficiencyislowerbecauseof lossescaused
by leakagethroughtheclearance.Theaveragevelocityacrossthe
passageat any’ratiusisaboutthesameforbothmodificationsup to
aboutthe22&inchradius.Beyondthisvalue,sincethepassageare&
areno longerequal,thevelocitydistributiondiffers.Anydiscrep-
anciesinvelocitydistributionareprobablyduetoa Mfferentboundary-
I.ayerformationarisingfromdifferentflowconditionsinthepassage.

Thevelocityandefficiencydifferencesthatexistbetweenthe
originalandmotifiedimpe~ersinthepartofthepassagewhereno
alterationwasmade(12-to 16-in.radius,figs.6 and9)areprobably
duetoa preadjustmenttoa new,flowangleinthatsectionfor,the
modified-huband-bladeimpellers.Intheoriginalimpeller,separation”
fromthetrailingfaceprobablycausedtheairto flowmoretowardthe
‘tiivingfacethanalongthenormalflowpath,whileforthemodified-
bladeimpeller,theb-de shapeonthedrivingfacewouldcausetheair
tobe turnedmoretowardthetrailingface.Withthemodified-hubhpel-
ler,however,therewasprobablyno separationfromthetrailingface
becauseofthebetterflowconditionsalongthatsurface;thustheflow
wouldfollowsomemeanpath,resultingindifferentflowconditionsin
thefirstpartofthepassage. ‘ “

Inthelastportionofthepassagewherethebladesarenearly
radialahdatflowratesneardesign(26lb/see),therewasfairquali-
tativeagreementwiththetheoreticalvelocitypatternforstraight
radialbladesas shownh figure8(f)ofreference5. Thesamesortof
velocitydistributionwitha saddlepointneartheexitoccurredinthe
modified-hubimpelleras inthetheoreticalcase.

Onthebasisoftheyrece~ results,potentialincreasesinimpel-
lerefficiencyobtainedbyimprovedvelocitydistributionsresultingfrom
reducedbladeheighttendtobebalancedby increasedleakagelosses
throughtheclearancespace.

VariationofInternal-FlowCharacteristicsofModified-Hti

ImpellerwithWeightFlow

Thesamesourcesoflossesoccurredinthemodified-htiimpelleras
inthemodified-bladeandoriginalimpellersastheangleofattackon
thebladewaschangedovertheweight-flowrangeasprese@edinfig-
ures11and12. At largenegativeanglesofattack(figs.n(a) to n(d)
and12(a)to”12(d)),largeseparationlossesatthedriving-faceinlet
duetothesharpleadingedgeexisted,whereasforthepositiveangles

..— ..——— —— _.——.-
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ofattack(figs.lJ(e)toH(h) andU(e) to 12(h)),therewereonly
slightlossesbecausethebladeshapebetteraccommodatedthefluw.

Overthewholerangeof
thusthemagnitudeof losses
asfortheoriginalimpeller
flowrates.Thissimilarity
decelerationssJ-ong theflOTT

flowrates,therelativeefficiency(and
attheexit(fig.n)) wasaboutthesame
(reference1)atapproximatelycorresponding
resultedbecausealthoughthelossesdueto %
surfaceswerelessinthe”modified-hub +L

hpeller,thelossescausedbytheflowthroughtheclearancespacewere
.,

greater.

SUMMARYOFRKKLTS

Thefollowingresultswereobtatiedinan investigationoftheflow
withintherotatingpassagesofa 48-inchcentrifugalimpellerwhenmodi-
fiedbychangingthehubshape:“

1.Eventhoughthedecelemtionratesalongtheflowsurfaceswere
lessinthemodified-hubtipel.lerthan.intheoriginalimpeller,the
clearancelosses(increasedby thegreaterratioof clearancetoblade

. height)causedthetotal-pressmelosses(andthustherelativeeffi-
ciency)tobe aboutthesameattheimpellerexitforthetwoconfigur-
ations,thusprecludinganytiprovementinover-allperformance.

2.Aswiththeoriginalandmodified-bladeimpellers,largelosses
occurredatthedriving-faceinletatnegativeanglesofattackandin
regionsoflargedecelerationsalongthetrailing-faceflowsurface.

LewisFli@t PropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

ClevelandjOhio,August22,1952
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APPENDIX- SYMBOLS

Thefollowingsymbolswereusedinthisreport:

stagnationspeedof soundupstresmof impeller,ft/sec

totalpressure

total-pressureloss

staticpressure

streamvelocity,ft/sec

impellertipspeed.,ft/sec

weightflow,lb/see

ratioofactualinlettotalpressureto staudardsea-levelpressure

adiabaticefficiency

ratioofactualinlettotaltemperatureto stsdardsea-level
temperature

Subscripts:

o inletmeasuringstation

2 difYusermeasuringstation

r relativeto impeller
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TABLEI - BLADEDATAATMEANBEIGHT

Radius
(in.)

12.3

13.0

14.0

16.0

18.0

‘20.0

21.5

22.5~

23.5

Blade
angle
(@3)

57.7

55.3

50.9

37.3

20.0

4.0

0

0

4.4

Total
blade
height
(in.)

3.30

3.05

2.72

2.19

1.62

1.31

1.15

1.07

1.02

‘+&+’-’
Circumferentisl
thiclmess,(in.)

Actual

0.730

.714

.665

.531

.445

.410

.397

.389

.380

Corrected

0.897

.873

.817

.654

.545

.504

.487

.478

.467

.
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Figure1.-ModifiedimpellerusedIninvestigationofflowwithinrotatingpsssage.

—.—_. ———.—



NACATN 2835 u
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Figure2.- Comparisonoforiginalandmodifiedhubcontours.

--— .-— —— ——.



lz NACA~ 2835

.-
-La

1.4
u

\
\

1.3 . \
Impeller

‘o Modifiedhub <
c1 Modifiedblade \
A Ori@nal

1.2 \
k

1.1 I
10 I-3 20 25 30 33 40 45

Correctedwei&tflow,U@/6, lb/see

F@re 3.-Total-pressureratiothroughimpallerbasedonconditionsatUffuaartip
(+ imPelJ=-) forthreeimpellerconfigorationE.Correctedtipspeed,700feat
per.9econd.

.
\

.

——

,
——-.



NACATN 2835

1.00—

.eo—

.fsa

.40—

.20—
10

A
c1

Y

T
&elJA \

o Modifiedhub
n Modifiedblade b“
A Ori@nal

I

II I

15 ) 25 30 35 40 45

Correctedweightflow,W@/8, l.b/sec

Figure4.-AdiabaticefficiencyofIm@lerariddiffuserbasedonconditlonaatdiffuser
tip(1+imm=llerrad)forthreeimp=llerconfigurations.correctedtipaped,7CH3feet
persecond.

. .—. ... --—-— .——. .—— — — —— .—— - -- - --——



I

,.< .



V,(.Y.3

...

(.)@-l@al IHrdlm-,

.

G



16 .

NI
m
4
*

1.00[3

1

.92r

.88 I

12

Figure7.-
radiifor
26pOUtldS

1 1 1

IinpeUer

o Modifiedhub
\’ ❑ Modifiedblade

A Original

—

\

L

\

i
\

-

.

14 16 18 20 22 24

Radius,in.

Averagerelativeadiabaticefficienqacrosspamageatvarious
threeimpellerconfigurationsatcorrectedweightflowof
persecond.

.

.

.—



3G NACATN 2835 17

Ikpell&

o Modifiedhub
❑ Modified blade /

A Original
1.2 ! I / ~

4

Driving face

1.1 /

A /

J

‘l!railiugface
1.0[

.9
i2 14 16 18 20 22

Rdius,in.

FiWe 8.- Static-pressure CIL&ribution near blade surfaces for three
impeller configurations at corrected weight flow of 26pounds per
second.
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(~) correctedvei@t flow, 39- N aemnd.

Figure n, - Cantlnud. Relative elY%2iency dis-taibution tbrm@lmltUdlfled-mpeage.
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(d)

IMgum U., - Continual.
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Relativeefficiencydistmib~on throughoutmdjfied-hib pasee.gn.
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(f) C-ct.d weigtk flaw, 23..5pxmds per aemti.

F&we I.I..- Contipued. Rale.timefficiencyWtmibution throughmt mIJMI@-luh pasaaga.
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Fi&w?e U. - concluded. Relativeefficiencydlwtriimtiuathroughoutmlified-bm Iwsnage.
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(b) Correctedweight flow, 39 pmnME per seoond.

m ~. - cOIkiu&L Relativevelocitydistribution&m@mut modified-hubp@age.
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(d) Correotedweight rlow, 32 Dom& w ~eoond.

Figure Ii?. - Continned. Relativevelocitidldrilmtion throughoutnmdified-hukpm.ge.
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(e) Corrected weigh-t flow, 28 pmmia
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(f) COrfeatedweight flow, 21.5 pounds per eecomi.

-12. - COU*IULHI.Rel.at1%= veloaltytitribution throughoutmMMiecl-hub pmwge. w
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(d corre~ wGW flw, 15.6 PJW pm semml.

Figue Ii?.- Continued. Eel.ativ5velocity ~u~on tirwhout mcdlfied-hubpaaanw .
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(h) Correut=iweight flov, 12.5 rounds pm Becond.

Fi&-Lu9 M. - Concluded. Relativevalwity distributiontbrwghuut modified-hubBsmge.
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